Extensive kinetic studies were performed to investigate the mechanism of the reaction between 4-methoxybenzaldehyde 1, malononitrile 2, and dimedone 3 in the presence of fructose as a catalyst in a mixture of water and ethanol. The synthesis reaction of tetrahydrobenzo[b]pyran followed second-order kinetics. The partial orders with respect to 1, 2 were one and one, respectively. Temperature effect has been investigated on the reaction rate, and relevant parameters have been determined with two linearized forms of Eyring equation. The proposed mechanism theoretical rate law were compatible with the experimental data. From the temperature, concentration and solvent studies, the activation energy (E a = 70.05 ± 1.39 kJmol 
A significant tool for synthesize in organic chemistry is multiple component reaction (MCR) method with via solvent-free or in water [1] [2] [3] [4] . The multicomponent process (MCPs) provides a powerful method for the construction of a variety of chemicals including pharmaceuticals, complex organic molecules, and biological active compounds in a time and cost effective approach. Significant consideration has been focused on MCPs because of their valuable features such as high efficiency, mild conditions, simplistic completion, lower costs, shorter reaction times, higher atom-economy, energy saving, and environment friendliness [5] [6] [7] [8] [9] [10] [11] [12] . An important source with various applications in biology, pharmacology and diseases therapy is 4H-Pyran nucleus. These compounds are also employed in industrial and biodegradable agrochemicals [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Organic chemists encouraged to develop efficiencies and procedures for synthesis of these kinds of compounds [23] [24] [25] [26] . Development of catalytic systems with special properties as environment friendly, commercially available is a big challenge in the recent decays 27 . Therefore, kinetic and mechanistic studies of such compounds via catalyst has attracted our interest. Many kinetic investigations of different reactions have previously been reported using spectrophotometry techniques [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] .
As part of our ongoing pursuit for the kinetics and mechanistic investigations of various reactions [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] , we herein investigated the kinetic and mechanism of multicomponent reaction between 4-methoxybenzaldehyde (1), malononitrile (2) , and dimedone (3) in the presence of fructose as a catalyst in a mixture of water and ethanol. Synthesis of substituted tetrahydropyridines has been previously reported by N. Hazeri and et al 59 .
Chemicals and Apparatus Used
T h e 4 -m e t h ox y b e n z a l d e hy d e ( 1 ) , malononitrile (2) dimedone (3) and Fructose were obtained from Merck (Darmstadt, Germany), Acros (Geel, Belgium) and Fluka (Buchs, Switzerland), and used without further purifications. All extra pure solvent also obtained from Merck (Darmstadt, Germany). A Cary UV-vis spectrophotometer model Bio-300 with a 10 mm light-path quartz spectrophotometer cell was employed throughout the current work. Conditions for optimizing and following the reaction was chosen (2×10 -3 M) in accordance with the reported work 60 .
RESULTS ANd dISCUSSIONS

Kinetics
The reaction of 4-methoxybenzaldehyde 1, malononitrile 2 and dimedone 3, in the presence of fructose was followed by UV-Vis spectrophotometry technique. First, selection of an appropriate wavelength for kinetic study was necessary. For this reason, in the first experiment, 10 -2 M solution of each reactant 1, 2, 3 and 2×10 -3 M solution of Fructose were prepared in a mixture of water and ethanol (2:1) as a solvent. Approximately 0.3 ml aliquot from each reactant was pipetted into a 1.2 ml light path quartz spectrophotometer cell and the relevant spectrum of each compound at 35°C was recorded over the wavelength range 200-600 nm. In the second experiment, 0.8 ml aliquot of 8×10 -3 M solution catalyst and 0.8 ml aliquot of 4×10 -2 M solution of reactants 1 and 2 were pipetted into a quartz spectrophotometer cell then 0.8 ml aliquot of 4×10 -2 M solution of reactant 3 was added to the mixture according to the stoichiometry of each reactant in the overall reaction. The reaction was monitored by recording scans of the entire spectra with 2 minute intervals during the whole reaction time at the ambient temperature (Fig. 2) . As can be seen in Fig. 2 , B the appropriate wavelength was discovered to be 390, 395, 400 and 405 nm (corresponding mainly to the product). Since at these wavelengths, reactants 1, 2, 3 and Fructose have relatively no absorbance value (in comparison with the relevant spectrum of each compound), it gave us the chance to find the practical conditions for following the kinetics and mechanism of the reaction. Herein, in all the experiments, the UV-vis spectrum of the product was measured over the concentration range (10 -3 M ≤ M product ≤10 In the third experiment under same concentration of each reactant (10 -2 M), experimental absorbance curve was recorded versus time at 35°C temperature and wavelength of 395 nm. This graph can be seen in Fig. 3 , the experimental absorbance curve (dotted line) exactly fits to the second order curve (solid line). It is obvious that the reaction is second order. In this case, overall order of rate low can be written as: α+β+γ= 2.
Concentration Effect
For finding the partial order of reactants 1 and 2 under pseudo-order conditions, fourth and fifth experiments was designed, respectively. In the fourth experiment, 5×10 -3 M of reactant 1, 10 -2 M of reactant 2, 10 -2 M of reactant 3 and 2×10 -3 M of fructose were used. The rate law for fourth experiment can be expressed:
...(2) k obs = k ove [2] β [3] γ And also in fifth experiment, 10 -2 M of reactant 1, 5×10 -3 M of reactant 2, 10 -2 M of reactant 3 and 2×10 -3 M of fructose were applied. The rate law can be written rate = k ovr [1] 
In the fourth experiment the original experimental absorbance curves versus times provided a pseudo-first order (Fig . 4. A) . The experimental absorbance curve versus times along with a first-order fit for this experiment was recorded at 395 nm and 35.0°C. Then, the rate constant, of the reactions were automatically obtained by the software program 60 . Here in, according to equation 2, partial order with respect to compound 1 is 1 (α=1). For recognizing of the partial order with respect to compound 2 , in the fifth experiment, the experimental absorbance curve versus times provided a first-order fit (Fig. 4 . B) at 395 nm and 35.0°C. Hence, in accord with experiments, we can write equation 3 which indicats the partial order with respect to compound 2 is one (β=1). 
A B
With respect to the results of third, fourth and fifth experiments: α+β+γ =2 from the third experiment, α=1 on the basis of fourth experiment and β=1 based on fifth experiment. Therefore the partial order of compound 3 can be determined as zero (γ=0) and the experimental rate law can be expressed: rate= k obs [1] [2] ...(4) k obs = k ovr [Cat]
Effect of temperature and solvent
For determining the effect of temperature and solvent environment on the reaction rate, previous experiments were repeated under various temperatures and solvents. For this purpose, a mixture of ethanol and water (water/ethanol, 2:1, 58.6 D) and another mixture of ethanol and water (water/ethanol, 1:1, 52.7 D) have been used in the experiment. In the presence of solvent with high dielectric constant (water/ethanol, 2:1) rate of the reaction speed up at all temperatures investigation. The obtained rate constants are listed in Table 1 under different temperatures and solvents.
As can be seen in Table 1 , rate of reaction was accelerated with increase of temperature. Increasing rate constants with high dielectric solvent indicate that at the rate determining step, active complex must have more charges rather than reactant species ,therefore, solvent stabilize active complex more than reactant species. The second-order rate constant (ln k ovr ) of the reaction was inversely proportional to the temperature, which is agreement with the Arrhenius equation. This behavior is shown in Fig. 7 . The activation energy, for the reaction between 1, 2, 3 and fructose was calculated in the mixture of water and ethanol (2:1) (E a = 71.05 ± 1.39 kJ/mol) form the slope of Fig. 7 .
The activation parameters which involve ∆G # , ∆S # and ∆H # can be now calculated by the Eyring equation (Fig. 6A, equation 5 ). looking at detail, the activation enthalpy was lower in the presence of solvent with high dielectric constant (water/ethanol, 2:1), at the same temperature, and this give rise to lower activation energy for reaction in solvent with high dielectric constant because E a is directly proportional to the activation enthalpy E a = ∆H # + RT . 
Speculative Mechanism
With regarding of the obtained results, a simplified scheme of the speculative mechanism is shown in Fig. 5 .
For investigating the rate-determining step of the speculative mechanism, the rate law can be written for the final step of reaction:
... (7) For obtaining the concentration of [I 3 ], the steady state approximation was applied as below:
... (9) The value of equation 9 was replaced in the equation 7 ... (11) And with the replacement of the equation 11 in 10 the following equation is obtained:
... (12) And we can obtain the value of [I 1 ] as below for generation of equation 15:
... (15) The equation 15 is the general rate law for the reaction. As can be seen, steps 3 and 4 have no chance to be the RDS since equation 15 is independent of k 3 and k 4 rate constants. Also, the concentration of the compound 3 appears in the equation 15, and this is not compatible with ... (19) The final equation 19 which obtained from the steady state assumption and the mechanism of the reaction is in agreement with the experimental equation 4 and indicates that the overall order of the reaction is two. In addition, the partial order with respect to each reactant 1, 2 and 3 is one, one and zero, respectively. Due to the presence of k 1 in the rate low (equation 17) , it obvious that the first step (k 1 ) is overall rate constant (k 1 = k ovr , deduced from comparison between equation 4 and 17). Therefore step 1 (k 1 ) is a rate determining step (RDS), and step 2 (k 2 ) is a fast step. Herein, the transition state (step 1, Fig. 5 ) carries a dispersed charge in reaction, so solvents with higher dielectric constant speed up the reaction rate by stabilizing the species at the transition state more than reactants, and therefore E a would be lower (Table 3, 2 and 1) .
CONCLUSION
The overall order of reaction for the synthesis of tetrahydrobenzo [b] pyran in the presence of fructose showed second-order kinetics and the partial orders with respect to 4-methoxybenzaldehyde 1, malononitrile 2 and dimedone 3 were one, one and zero, respectively. Rate of reaction accelerates in solvent with high dielectric constant. The secondorder rate constant of the reaction was proportional to the temperature and was in agreement with the Arrhenius equation. The first step of the speculative mechanism was recognized as a rate-determining step (k 1 ) confirmed by the steady-state approximation. From the temperature, concentration and solvent studies, the activation energy (Ea = 71.05 ± 1.39 kJmol ) were calculated.
